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I In nt tr ro od du uc ct ti io on n
Tremor is the most common involuntary movement, defined as the occurrence of involuntary rhythmic oscillation of body parts due to alternating or synchronous contractions of agonist and antagonist muscles [1] . Tremor can be the major sign of movement disorder, as seen in essential tremor; it can also be one of several major signs, as in Parkinson disease, or may occur only in some cases of specific disorders, e.g. in Wilson disease. Tremor can also occur as a sign of damage within the central or peripheral nervous system (symptomatic tremor) of various aetiologies (stroke, multiple sclerosis, trauma, tumour or neuropathy). Tremor also occurs in advanced stages of multiple neurodegenerative disorders, including Alzheimer disease, Kennedy disease and restless legs syndrome [2] . Additionally, it can be occasionally observed in congenital myoclonus, hereditary neuropathy [3] , Huntington disease (HD), especially in Westphal variant [4, 5] , and in tic disorder [6] .
Intentional tremor is one of the predominant signs in spinocerebellar ataxias (SCAs), and other types of tremor (rest or postural tremor) are involved in the clini cal picture of particular SCA types, e.g. in SCA-2, 3, 6, 7, 8 and 12 [7] [8] [9] [10] .
In contrast to pathological tremor, which is a sign of a neurological or systemic disorder, the physiological tremor occurring in normal people is a distinct aetiological category worth considering in the differential diagnosis. The latter is tremor with a small amplitude (usually invisible during routine observation) and relatively high frequency (8) (9) (10) (11) (12) , which is typically higher distally and lower proximally. Physiological tremor can be exacerbated due to various factors, both endogenous (e.g. hypoglycaemia, thyrotoxicosis, hypothermia) and exogenous (stress, fatigue, tremorogenic medications, e.g. lithium, tricyclic antidepressants, neuroleptics, caffeine or valproic acid, as well as specific toxins, e.g. mercury, lead or arsenic), and then it is termed enhanced physiological tremor (EPT).
Studies that address the prevalence of EPT in healthy subjects are scarce and their reports are occasionally contradictory due to various methods of tremor recording and divergent age of the studied populations. The pre valence of EPT among healthy subjects reached 10-30% in several studies [11] [12] [13] [14] .
The co-occurrence of divergent involuntary movements in one disorder is a typical feature of patients with movement disorders. In HD for example, dystonic movements, as well as motor/vocal tics or myoclonus, are observed in addition to the chorea. Equally rich is the phenomenology of involuntary movements in neurodegenerative ataxias, where cerebellar ataxia is not uncommonly accompanied with dystonia, parkinsonian features, myoclonus or chorea. Thus, the determination of the prevalence of tremor, the most common involuntary movements, in disorders that do not exhibit tremor as a major feature seems to be an interesting question.
The aim of the study was to assess prevalence and to characterize parameters of tremor accompanying degenerative ataxias, HD and tic disorders in comparison with the control group.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s Participation in this study was offered to all patients diagnosed with neurodegenerative ataxia, HD or tic disorder, who were treated either in an out-patient clinic or in the Department of Neurology of the University Hospi tal in Krakow between 2005 and 2009. of enhanced physiological tremor type. No correlation between severity of tremor and severity of disease was found. C Co on nc cl lu us si io on ns s: : The prevalence of tremor is considerably higher among patients with degenerative ataxias compared with HD, tic disorder and the control group. The most common type of tremor accompanying ataxias, HD and tic disorders is essential tremor type.
K Ke ey y w wo or rd ds s: : degenerative ataxias, Huntington disease, tic disorders, accompanying tremor. i 20% chorych, podobnie jak w grupie kontrolnej. Wy stê -puj¹ce dr¿enie by³o niewielkie, g³ównie pozycyjne i o typie dr¿enia samoistnego, rzadziej nasilonego dr¿enia fizjologicznego. W ¿adnej badanej grupie chorych nie stwierdzono zale¿nooeci miêdzy nasileniem dr¿enia a nasileniem objawów choroby podstawowej. W Wn ni io os sk ki i: : Czêstooeae wystêpowania dr¿enia w ataksjach zwyrodnieniowych jest znacz¹co wiêksza w porównaniu z osobami z HD, chorob¹ tikow¹ i grup¹ kontroln¹. Najczêstszym typem dr¿enia towarzysz¹cego ataksjom, HD i chorobie tikowej jest dr¿enie o typie dr¿enia samoistnego.
S S³ ³o ow wa a k kl lu uc cz zo ow we e: : ataksje zwyrodnieniowe, choroba Huntingtona, tiki, towarzysz¹ce dr¿enie.
Tremor in neurodegenerative ataxias, Huntington disease and tic disorders Inclusion criteria consisted of age between 18 and 85 and the diagnosis of one of the above-mentioned disorders. Neurodegenerative ataxias were diagnosed ac cording to the clinical picture, magnetic resonance imaging (MRI), and (in some patients) according to the results of genetic testing for SCA1 and SCA2. Huntington disease was diagnosed clinically and confirmed by the genetic testing; tic disorder was diagnosed clinically.
Exclusion criteria applied to patients comprised a history of alcohol abuse, diagnosis of schizophrenia, depression, dementia or other severe psychiatric disorders, as well as thyrotoxicosis; coexistence of severe systemic or metabolic disorders leading to organ failure, history of drug or heavy metal toxicity, exposure to toxins; malignancies or autoimmune disorders, posttraumatic or other lesions that would preclude assessment of tremor, as well as acute infectious disease.
Exclusion criteria pertinent to control subjects consisted of a history of neurological disorder(s) or the presence of their symptoms in the neurological examination.
The protocol of the study was approved by the local bioethical committee; all subjects signed their informed consent to participate in the study.
Each patient or healthy participant was subjected to a detailed interview, neurological examination and the assessment of tremor. The interview included demographic data (age and level of education), past and current illnesses (including diabetes mellitus, arterial hypertension, ischaemic heart disease, hypercholesterolaemia, liver or renal disease, malignancies), medications and their adverse effects, exposure to toxins, smoking and genetic susceptibility (family history of neurodegenerative disorders or tremor). The detailed interview also included data related to the disease of interest, e.g. age at onset of symptoms, the course of the disease, and localization of symptoms; those data were used to establish the form of the disease.
Besides the standard neurological examination, the following scales were used to assess the severity of movement disorders: (a) International Cooperative Ataxia Rating Scale (ICARS) to assess the severity of ataxia (score range: 0-76); (b) Unified Huntington's Disease Rating Scale (UHDRS) (motor part, score range: 0-60) to assess the severity of chorea; (c) Quantified Staging of Functional Capacities in Huntington's Disease (QSFCHD) to assess the level of dysfunction in that disease (score range: 0-13), and (d) Tourette Syndrome Global Scale (TSGS) to assess the severity of tic disorder (score range: 0-20/50).
Clinical and instrumental assessment of upper limb tremor was performed consecutively in both hands using instruments (accelerometer, EMG, graphic tablet) and appropriate software analysing tremor in the Tremor Assessment Laboratory of the Department of Neurology, Jagiellonian University College of Medicine in Krakow.
The severity of tremor was assessed with the Simple Tremor Severity Scale (grade 0-4). The presence and severity of rest tremor were assessed with the observation of the hand placed comfortably on the thighs of the subject in a sitting position; postural tremor was assessed in the upper limb outstretched in front of the subject and kinetic tremor was evaluated during a 'finger-nose' manoeuvre and while drawing an Archimedes spiral. The frequency of tremor (in Hz) was assessed according to the results of accelerometric testing, and the severity of tremor was evaluated according to the recordings made using a graphic tablet, as the tremor severity index on a 0-10 scale. Based on the study with an accelerometer, three types of tremor were also discerned: EPT type, essential tremor type (ET-T), and tremor of another type. Enhanced physiological tremor and ET-T tremor were diagnosed if one peak only predominated in the tremor frequency spectrum. In case of a greater number of peaks or if the predominant peak could not be identified, tremor of other type was diagnosed. Physiological tremor was differentiated from ET-T tremor by the assessment of the tremor frequency with an accelerometer and simultaneous EMG recording in the outstretched hand before and after the load with a 500-g weight mounted at the level of the wrist. Physiological type of tremor was diagnosed if the frequency of tremor in the loaded hand decreased by more than 1 Hz, and ET-T tremor was diagnosed if no difference in frequency was noted or if the decrease in tremor frequency was smaller than 1 Hz [15] .
Synchronicity of tremor was analysed with the observation of 10-second EMG recording from agonist and antagonist muscles of the forearm. Asynchronicity of agonist and antagonist muscle contractions responsible for the tremor of the hand was diagnosed in case of the marked shift of the bioelectrical activity registered in agonist muscles in relation to the same bioelectric activity of the antagonist muscles in more than 90% of recorded cycles of bioelectric activity of the studied muscles.
Analysis of tremor with the graphic tablet was performed during Archimedes spiral drawing with an electronic pen according to the pattern provided on the tablet. Lateral deviations from the spiral line in X and Y axes, as well as the pressure of the pen (Z axis), were registered and analysed. Presence of upper limb tremor was established according to the presence of the characteristic peak dominant frequency of the spectrum. This method enables the calculation of the dominant frequency of tremor, amplitude of tremor and the coefficient of tremor intensity; it also provides the computerized assessment of tremor severity on a 0-10 scale, where 10 indicates the greatest severity of tremor [16] .
Quantitative tremor analysis with the accelerometer enables the assessment of tremor in three-dimensional space. This part of the study was performed using a three-axial accelerometer (BIOPACK). The acce lerometer was mounted to the proximal phalanx of the third finger with a 'velcro' band. Registration of tremor took 1.5 minutes. Presence of tremor was established according to the occurrence of the characteristic peak dominant frequency of the spectrum. This method was used to assess frequency and severity of tremor.
For EMG testing, superficial electrodes were mounted in standard leads over wrist flexors and extensors (extensor carpi radialis brevis muscle and flexor carpi radialis muscle) [17] . Registration of tremor took 1.5 minutes. The use of superficial EMG enabled the assessment of synchronicity of the contractions within two antagonist muscle groups, i.e. wrist flexors and extensors. Visual assessment of 10-second EMG recording was done independently by two investigators.
In all patients, laboratory studies were performed to exclude other causes of tremor, such as haematological and biochemical disturbances, hormonal disorders (thyroid hormones: TSH, T3, and T4) and ceruloplasmin concentration.
S St ta at ti is st ti ic ca al l m me et th ho od ds s
Results were provided as means and standard deviations for the given variable. The results were entered into the database, and their analysis used the statistical package SPSS. Statistical analysis involved Student t-test for continuous variables and χ 2 test for categorical variables. A p-value of less than 0.05 was considered significant.
R Re es su ul lt ts s
The study included 43 patients with neurodegenerative ataxias, 28 patients with HD and 26 patients with tic disorder (Table 1) . There were 9 patients with genetically confirmed SCA-1 and 3 patients with genetically confirmed SCA-2 among 43 patients with neurodegenerative ataxia. One patient within the HD group was diagnosed with Westphal variant.
Clinical assessment revealed the presence of tremor in 16 (37.2%) patients with neurodegenerative ataxia, in 3 (12.5%) patients with tic disorder, in 2 (7.1%) patients with HD and in none of the control subjects. The tremor observed clinically was mild (rated as 1 point on the Simple Tremor Severity Scale) in 8 patients (18.6%) with neurodegenerative ataxia, in 1 patient with HD and in 2 patients with tic disorder. Tremor of moderate intensity (2 points) was noted in 6 patients (14.0%) with neurodegenerative ataxia, in 1 patient with HD and in 1 patient with tic disorder. Severe tremor (3 points) was observed in 2 patients with neurodegenerative ataxia only.
Accelerometry enabled the registration of tremor in 22 (51.2%) patients with neurodegenerative ataxia and, D Di ia ag gn no os si is s N Ne eu ur ro od de eg ge en ne er ra at ti iv ve e a at ta ax xi ia as s H Hu un nt ti in ng gt to on n d di is se ea as se e T Ti ic c d di is so or rd de er r C Co on nt tr ro ol l g gr ro ou up p Tremor in neurodegenerative ataxias, Huntington disease and tic disorders similarly to the clinical assessment, postural tremor was the most common one, followed by kinetic tremor and, occasionally, rest tremor. Coexistence of postural and kinetic tremor was noted in 5 patients; postural tremor co-occurred with rest tremor in 2 patients. Figure 1 shows the relative distribution of various types of tremor among patients with neurodegenerative ataxias.
Accelerometry revealed tremor in 3 patients with HD (including postural tremor in 2 patients and rest tremor in another 1), and in 5 patients with tic disorder (including postural tremor in 4 patients and kinetic tremor in another 1).
Postural tremor was registered with accelerometry in 5 (9.8%) subjects within the control group; assessment with the graphic tablet revealed postural tremor in 4 (7.8%) controls (Table 2) .
When types of upper limb tremor in neurodegenerative ataxias were analysed, ET-T tremor was diagnosed in 10 (23.3%) patients, EPT in 2 (4.7%) patients, and tremor of the other type was found in 10 (23.3%) patients. The prevalence of postural tremor within various frequency ranges is shown in Fig. 2 , and the severity index of tremor as assessed instrumentally with the graphic tablet is shown in Fig. 3 . Among HD patients, ET-T tremor was noted in 2 (7.1%) patients and EPT was found in 1 (3.6%) patient. Among patients with tic P Pr re ev va al le en nc ce e o of f t tr re em mo or r a an nd d i it ts s c ch ha ar ra ac ct te er ri is st ti ic cs s D Di ia ag gn no os si is s C Co on nt tr ro ol l g gr ro ou up p N Ne eu ur ro od de eg ge en ne er ra at ti iv ve e H Hu un nt ti in ng gt to on n T Ti ic c a at ta ax xi ia as s d di is se ea as se e d di is so or rd de er r disorders, ET-T tremor was noted in 2 (7.7%) patients and EPT was found in 3 (11.5%) patients. Tremor of EPT type was found in 80% of healthy subjects with tremor and 20% had ET-T tremor.
Tremor among patients with neurodegenerative ataxias was found more commonly than in controls (p = = 0.001); it was particularly true for postural tremor (p = 0.01) and ET-T tremor (p = 0.01). Tremor among HD patients or among patients with tic disorder was not more common than in controls (p = 0.9 and p = = 0.05, respectively).
Tremor with asynchronous contractions of agonist and antagonist muscles was found in all patients with HD or with tic disorder and in 90.1% of patients with neurodegenerative ataxias. Neither severity of symptoms in patients with neurodegenerative ataxias, tic disorders, or HD, nor impairment due to HD correlated with the severity of tremor (p > 0.05).
D Di is sc cu us ss si io on n
This study is the first systematic assessment of prevalence, severity, types and forms of tremor using instrumental methods in neurodegenerative ataxias, HD and tic disorder. The limited published data related to the tremor in those conditions are derived mostly from case reports [4, 5, 7, 18] .
Our study showed that upper limb tremor was significantly more common in patients with neurodegenerative ataxias only when compared with controls. Clinical assessment revealed presence of tremor in about 40% of those patients, and instrumental methods showed tremor in more than 50% of patients. This figure is consistent with most data found in the literature. Schols et al. [9] found postural and kinetic tremor in 50% out of 11 patients with SCA-2, Ruiz et al. [8] registered postural tremor in 9 out of 23 patients with various types of SCA, and O'Hearn et al. [7] noted tremor in all 10 pa tients with SCA-12. Prevalence of upper limb tremor among patients with HD recorded in our study, both clinically and instrumentally, reached about 10% of studied patients and did not differ from the prevalence of tremor among controls. No study has been performed so far to assess the prevalence of tremor among patients with HD. Similarly, the prevalence of upper limb tremor among patients with tic disorder did not differ from that of controls, which is in agreement with the few available data. Two studies have been reported so far that addressed the prevalence of tremor in patients with tic disorder. Mejia and Jankovic [6] found ET-T tremor in 10.9% of 155 patients with tics. In the second study, Kulisevsky et al. [18] evaluated four patients with Tourette syndrome and found bilateral postural upper limb tremor with variable rhythm, frequency and amplitude in two patients and rest tremor resembling parkinsonian tremor in two other patients.
The results of our study show that in most cases of neurodegenerative ataxias postural tremor was present, while kinetic tremor was far less frequent and rest tremor was only noted sporadically, which is confirmed in the previous reports on the common prevalence of postural and kinetic tremor in SCA [7] [8] [9] . In some types of SCA, e.g. SCA-3, postural tremor was seen less frequently, i.e. in 8% of 80 patients. Rest tremor was noted rarely as well, i.e. in 6% of patients with SCA-3 and SCA-6 [9] , but in as many as 3 out of 7 patients with SCA-2 [10] . Among patients with HD or with tic disorder, postural tremor was predominant but its prevalence was not different from that seen in controls.
The study reported here is the first one to analyse the prevalence of various types of tremor, such as ET-T or EPT in neurodegenerative ataxias, HD and tic disorder; therefore, no data from previous studies are available in the literature. Tremor observed in neurodegenerative ataxias, HD and tic disorder was the coincidence of those diseases and ET or EPT, which are common in the population but do not bother patients because of mild severity.
Papers published so far and related to the co-occurrence of tremor in movement disorders deal with Parkinson disease, dystonia and hemifacial spasm; postural tremor was predominant in those diseases and featured the characteristics of EPT or ET [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Our findings confirmed those results, showing the predominance of tremor of ET-T or EPT over tremor of another type. Tremor in neurodegenerative ataxias, Huntington disease and tic disorders
The common occurrence of ET-T tremor in neurodegenerative ataxias and in HD could also be explained by the coexistence of ET as an independent disorder. The prevalence of ET ranges from 0.4 to 4% in the general population [28, 29] , although it may reach 5.5% among people aged at least 40 [30] or even 14% after the age of 65 [30] . ET is common in Parkinson disease [19, 20, 23, 27, 31] , dystonia [23] , hereditary myoclonus and neuropathy [3] , orthostatic tremor [34] or in other genetically determined diseases, e.g. Kennedy disease or restless legs syndrome [2] . Similarly, some members of families affected with ET were found to have typical ET, while in other members dystonia, parkinsonism or a combination of those three diseases was noted [25, 35] . According to the analysis performed among 678 patients diagnosed with ET, coexistent Parkinson disease was found in 6.1%, dystonia in 6.9%, and myoclonus in 1.8% [36] . Yet other authors report that the postural tremor occurring in patients with Parkinson disease might be EPT [26] . Prevalence of physiological tremor and its parameters in the studied control group are consistent with the few published studies related to the prevalence of physiological tremor and EPT in healthy subjects. Enhanced physiological tremor in our study was also identified in HD and in tic disorder. Results of studies related to physiological tremor are difficult to interpret because of heterogeneous terminology applied in the literature and due to various methods of registration, as well as because of the various sensitivity of instruments. Some authors [11, 12, 37] use the term 'physiological tremor' to describe the physiological occurrence of tremor in all subjects, which is invisible with the naked eye, but can be detected instrumentally. Those authors discern so-called EPT, which is revealed by hormonal changes, hypoglycaemia, stress, drugs and physical exercise. This tremor lasts longer but disappears after removal of the triggering factors. Other authors [38, 39] use the term 'physiological tremor' to describe tremor which is invisible with the naked eye but can periodically appear during movements requiring unique precision. The last group commonly use this term to designate EPT. All authors agree, however, that the tremor has high frequency (8-12 Hz) and two tremor generators, the predominating peripheral and less active central one. The classification used in the present paper complies with the terminology of the first group of authors. Those studies confirmed the possibility of detection of physiological tremor which was not seen with the naked eye, and was identified with the clinically available instruments (EMG and acce lerometry). Previous studies, including Polish ones, showed that both accelerometry and EMG are methods that enable differentiation between pathological and physiological tremor, as well as the differentiation of particular types of pathological tremor [40, 41] . Physiological tremor was registered in several percent of controls, in whom the severity of tremor did not reach the level of cli nical manifestation (i.e. EPT). Two studies among large groups of healthy subjects, who were not exposed to factors inducing EPT (i.e. tremorogenic medications, drugs, tiredness, stress) assessed the prevalence of physiological tremor. Both studies used similar instrumental methods of tremor registration. Elble [14] demonstrat ed the presence of physiological tremor of upper limbs in about 10% of 200 tested healthy individualstremor with the frequency of 8-12 Hz was seen most commonly, and among subjects older than 65, tremor frequency of 6-8 Hz was often noted, which was difficult to differentiate from typical ET. On the other hand, Raethjen [13] studied 117 healthy subjects aged bet ween 20 and 94 with an ac-celerometer and EMG and found that the instruments registered postural tremor of upper limbs with the frequency of 8-12 Hz, being physiological tremor, in 30% of healthy individuals. Similar findings in relation to the detection of physiological tremor in about 30% of subjects were reported by Louis [11] .
Differences in the percentage of subjects with detected physiological tremor between the group reported here and studies by Raethjen [13] or Louis [11] could result from the difference in sample size and the sensitivity of instruments used.
In all groups of patients tremor had mild severity, assessed clinically as 1 point on a 4-point scale or instrumentally as about 2 points on a 10-point scale. Similar mild intensity of tremor associated with movement disorders was reported elsewhere [24, 28, 42, 43] .
Such a common coincidence of tremor with other movement disorders suggests that tremor is the most common additional sign in those disorders. It does not predominate in the clinical picture, as the mild severity or limited distribution (mostly in upper limbs) does not draw the attention of the physician or patient. Coexistence of tremor can often be detected with instrumental methods only. Mild severity of tremor, no impact on the quality of life or patient's activity result in neglect of that symptom both by the physician and the patient. Arduousness or sometimes disability due to the chorea, cerebellar ataxia or tics prompts patients to neglect less severe symptoms. It should be stressed that the instrumental testing revealed tremor in many patients in our group in whom tremor was not visible in clinical assessment. High sensitivity of instruments enabled us to detect tremor with mild severity, at the phase in which it shows up clinically only periodically (intermittent tremor) and could pass unnoticed by the physician or patient during the clinical examination, or tremor in the phase of internal tremor in which patients sense trembling invisible in clinical examination.
C Co on nc cl lu us si io on ns s 1. Tremor as the concomitant symptom among pa tients in the studied groups was much more common in patients with neurodegenerative ataxia than in controls, while its prevalence in patients with HD or with tic disorder was similar to that noted in healthy individuals. 2. Tremor in neurodegenerative ataxias has relatively mild severity; it is predominantly postural tremor of ET-T or other type of tremor. Essential tremor-like tremor predominates also in HD while in tic disorder the postural tremor features the EPT type. 3. Severity of tremor among patients with neurodegenerative ataxias, HD or tic disorder is mild and it is not related to the severity of the underlying disease. 4. Instrumental assessment of tremor enables the registration of tremor in an additional 10-20% of patients, in whom tremor is clinically invisible.
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